Introduction
The ability to identify, isolate and culture gastrointestinal stem cells as 3Dmini-tissue organoids has permitted intensive research into processes governed by stem cells such as embryonic development, lineage specification, tissue homeostasis and response to injury. Coupled with the power of transgenic mouse models that allow tissue and cell specific manipulation of genes, organoid-based technology has advanced our understanding of the molecular mechanisms that lead to human disease, such as cancer and host-microbe interactions. Although for many decades human and mouse continuous cell 
Materials
Breed mice that harbour the relevant alleles or transgenes. Diligently follow ethical guidelines as outlined by your institution or governing body. Follow aseptic techniques throughout the procedure from harvesting the tissue until the organoids are harvested for further analysis using standard cellular and molecular techniques. Prepare and store tissue culture reagents in volume aliquots necessary to make the final media or at a concentration for easy dilution to working concentrations. Use molecular biology and tissue culture grade reagents and materials. Store at -20°C.
Procedure
Thaw Matrigel on ice and keep it on ice throughout the procedure until culture incubation as it will solidify irreversibly at room temperature. Keep tissue and reagents on ice and work on ice as much as possible, for example during dissection, place petri dish onto a bed of ice. Place 24 well tissue culture plates into the 37°C incubator to warm up, and keep them in there until ready to plate cultures. Prepare chelation buffer, digestion buffer and organoid culture media fresh each time. The procedures for stomach and liver organoid culture are variations of the protocol used for intestinal epithelial crypt organoid culture.
Intestinal epithelial crypt isolation and tissue culture
1. Euthanize the mice using an appropriate ethically approved method, and then isolate the small intestine as an entire organ by standard surgical procedures.
2. Place the intestine in a 10 cm petri dish with ice cold PBS. Using surgical scissors, cut the intestine longitudinally (see Note 3) and rinse it clear of luminal contents in petri dish with PBS on ice. Transfer the clean tissue to a 5 mL sterile tube containing PBS and take to tissue culture on ice. Continue procedure in a Class I or Class II hood.
3. Carefully scrape villi from the small intestine using a glass cover slip (see Note 4) and rinse the tissue free of villi with PBS in a petri dish on ice.
4. Over a 50ml sterile tube, cut the intestine with dissection scissors into small (~5mm) pieces and incubate in 2 mM EDTA in PBS at 4ºC for 30 min. 9. Wash the crypts 2-3 times in ADF and centrifugation at 600 rpm/76rcf for 2 min (see Note 6).
Count the crypts by transferring 20 µL of the crypt suspension to a petri dish during washes.
On the final centrifugation, discard as much of the ADF as possible (see Note 7). 12. Allow the Matrigel to set by placing the tissue culture plate into the 37°C incubator for 10-15 min.
13. Add 500 µL of ADF+ culture medium to each well carefully along the side of the well to avoid dislodging the Matrigel, and incubate at 37°C, 10 %CO2, humidified incubator. Typically, the crypts form cysts within a day and start to bud new crypts after 2-3 days after culture.
14. Add fresh EGF, R-spondin and Noggin every other day, and change the whole culture medium twice per week once the organoids are established. 16. Re-seed by repeating steps 10-14.
Antral stomach gland isolation and tissue culture
1. Euthanize the mice using an appropriate ethically approved method, and then isolate the stomach as an entire organ by standard surgical procedures. Carefully discard supernatant with pipette to avoid disturbing the pellet. 11. Allow the Matrigel to set by placing the tissue culture plate into the 37°C incubator for 10-15 min.
12. Add 500 µL of ADF-S culture medium to each well carefully along the side of the well to avoid dislodging the Matrigel, and incubate at 37°C, 10 %CO2, humidified incubator. Typically the organoids will begin to bud around 5-7 days following plating.
13. Discard medium and replace with 500 µL fresh ADF-S every other day.
14. After 7-10 days culture the organoids need to be passaged (see Note 11). To passage the gastric organoids, follow step 15 in section 3.1 (see Note 12) and re-seed following steps 10 to 12, Section 3.2.
Establishing organoids from liver ductal tissue
1. Euthanize the mice using an appropriate ethically approved method, and then isolate the liver as an entire organ by standard surgical procedures.
2. Rinse the tissue in PBS or DMEM and transport to a tissue culture cabinet on ice. The following steps are performed in a Class I or Class II tissue culture cabinet.
3. Place the tissue in a 10 cm petri dish on ice so that it is immersed in DMEM. Cut the tissue into small pieces and transfer it to a 50 mL centrifuge tube.
4. Clean the tissue pieces by pipetting up-down with a 10 ml serological pipette to remove some of the attached fat (see Note 13). Allow the tissue to settle and discard the supernatant. 9. It might be necessary to incubate again with collagenase-dispase to further disrupt the ducts. In that case, incubate for 10 min intervals at 37°C with fresh collagenase-dispase and check after pipetting up and down.
10. Once the collagenase-dispase digestion is complete, collect the ducts individually under the dissection microscope using a pipette and transfer them to a 15 mL centrifuge tube containing 10 mL ADF.
11. Count and seed the ducts in Matrigel following steps 9-12, Section 3.1.
12. Add 500 µL of ADF-L culture medium to each well carefully along the side of the well to avoid dislodging the Matrigel, and incubate at 37°C, 10 %CO2, humidified incubator (see Note 15). Typically, the ductal cells form cysts within 1-2 days and begin to bleb/bud 3-4 days after culture.
13. Ductal version of re-feeding 14. After 7-10 days culture the organoids need to be passaged (see Note 11). To passage the ductal organoids, follow step 15 in section 3.1 (see Note 12) and re-seed following steps 9 to 12, Section 3.1.
Differentiating liver ductal oragnoids into hepatocytes

